Optic neuritis (ON) is a rare neurological complication of measles infection. Little is known about measles-associated retrobulbar ON. Here, we report a distinct patient with unilateral retrobulbar ON due to measles infection. A 26-year-old woman developed maculopapular rash and Koplik spots. On the following 3 days, she noticed blurred vision in the left eye. A Goldmann visual field test showed inferior nasal quadrantanopsia in the left eye. Visual acuity was 20/20 in OD and 20/100 in OS. Pupillary size was 2.0 mm in the right eye and 4.0 mm in the left eye. Light reflexes were slightly sluggish in the left eye. Ophthalmoscopy showed mild pallor of the left optic disc. Central critical flicker fusion frequency (CFF) was 40.7 Hz in the right eye and 10.1 Hz in the left eye (normal ≥29.0). Visual evoked potentials showed that P100 latencies were delayed on the left side (133 ms). Brain and spinal cord MRI was normal. Orbital MRI displayed abnormal enhancement in the left optic nerve. Serum and cerebrospinal fluid IgG titers of anti-measles antibodies were increased. Left measles-associated ON was diagnosed. Methylprednisolone pulse therapy followed by oral administration of prednisolone ameliorated visual acuity, visual field and CFF. The neuroophthalmic profile of our patient indicated that measles infection triggered isolated retrobulbar ON, leading to unusual visual deficits. Thus, physicians should pay more attention to variable patterns of measles-associated ON.
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Abstract
Optic neuritis (ON) is a rare neurological complication of measles infection. Little is known about measles-associated retrobulbar ON. Here, we report a distinct patient with unilateral retrobulbar ON due to measles infection. A 26-year-old woman developed maculopapular rash and Koplik spots. On the following 3 days, she noticed blurred vision in the left eye. A Goldmann visual field test showed inferior nasal quadrantanopsia in the left eye. Visual acuity was 20/20 in OD and 20/100 in OS. Pupillary size was 2.0 mm in the right eye and 4.0 mm in the left eye. Light reflexes were slightly sluggish in the left eye. Ophthalmoscopy showed mild pallor of the left optic disc. Central critical flicker fusion frequency (CFF) was 40.7 Hz in the right eye and 10.1 Hz in the left eye (normal ≥29.0). Visual evoked potentials showed that P100 latencies were delayed on the left side (133 ms). Brain and spinal cord MRI was normal. Orbital MRI displayed abnormal enhancement in the left optic nerve. Serum and cerebrospinal fluid IgG titers of anti-measles antibodies were increased. Left measles-associated ON was diagnosed. Methylprednisolone pulse therapy followed by oral administration of prednisolone ameliorated visual acuity, visual field and CFF. The neuroophthalmic profile of our patient indicated that measles infection triggered isolated retrobulbar ON, leading to unusual visual deficits. Thus, physicians should pay more attention to variable patterns of measles-associated ON.
Introduction
Measles virus, a neurotrophic virus, is known to cause various kinds of neurological complications [1, 2] , with a frequency of 4 neurological insults per 1,000 cases of measles infection. Measles encephalitis or impaired consciousness was observed in 1 per 1,000 cases [1] and commonly in children or adults >10 years of age [1] . Acute optic neuritis (ON) was described in patients with measles encephalitis [3, 4] , whereas isolated ON was found in patients without measles encephalomyelitis [4] [5] [6] [7] [8] . Based on lesion topography, measles-associated ON could be divided into anterior and retrobulbar types. Anterior ON or papillitis due to measles infection was reported previously in several patients without other neurological deficits [4] [5] [6] [7] . Little is known about measles-associated retrobulbar ON [2, 3, 8] . Here, we report a distinct patient with unilateral measles-associated retrobulbar ON.
Case Report
A 26-year-old healthy woman developed fever and maculopapular rash expanding from the face to the trunk and the four limbs. Subsequently, Koplik spots were present and measles was diagnosed. Three days after the onset of rash, she noticed blurred vision in the left eye. One week later, she visited a neighboring hospital and quadrantanopsia was found in her left eye. She was admitted to our department. Physical examination was normal. (fig. 2) . Our patient had seropositive and CSF-positive anti-measles antibodies, neuroophthalmic findings and abnormal enhancement of the left optic disc. These findings supported the diagnosis of unilateral measles-associated retrobulbar ON. Methylprednisolone pulse therapy (1,000 mg/day for 3 days, i.v.) and subsequent administration of prednisolone (1 mg/kg per day, p.o.) were performed. Prednisolone was tapered off within 1 month. After steroid treatment, left quadrantanopsia was improved and left visual acuity also normalized to 20/20. CFF was increased to 36.4 Hz in her left eye.
Discussion
The neuroophthalmologic profile and MRI of our patient suggested unilateral measlesassociated retrobulbar ON without CNS involvement.
Measles virus can generate various types of neurological complications [1, 2] . This neurotrophic virus is known to provoke acute ON together with CNS deficits or encephalitis [3, 8] . Twelve patients with measles-induced acute ON were reviewed previously [4] . Of the 12 patients, 7 had no signs of CNS involvement [5, 6, [9] [10] [11] [12] [13] . The age at onset was 6-14 years [6, [9] [10] [11] [12] [13] . Previously published reports of 10 patients with isolated measles-associated ON are listed in table 1. Bilateral visual deficits were found in 9 patients and unilateral disturbance in 1 patient [5] . Visual loss occurred commonly within the first weeks after rash. Two patients experienced visual disturbance several days before cutaneous symptoms [5, 10] . Ophthalmoscopy was performed in 9 patients. Fundus findings exhibited edematous optic disc in 6 patients, pallor optic disc in 1 patient and normal results in 2. Therefore, anterior ON or papillitis most often occurs in patients with measles-associated ON. Occurrence of retrobulbar ON is extremely rare, with only 4 cases being reported previously [2, 3, 8] . In a Japanese article, 2 patients (a 4-year-old girl and a 18-year-old boy) developed retrobulbar ON after measles encephalitis [3] . In another study, a Japanese female patient with measles had retrobulbar ON, Guillain-Barré syndrome and asymptomatic brain MRI lesions [5] . Another case (a 25-year-old woman) had retrobulbar ON without CNS lesions after measles. Her visual acuity of both eyes was counting fingers at 2 m whereas optic discs were normal on ophthalmoscopy [8] .
Several aspects of measles-associated ON are thought to mimic acute ON in patients with multiple sclerosis or neuromyelitis optica. A variety of visual field defects occur in optic neuropathies, including central, centrocecal, arcuate, altitudinal and nasal step field defects. The cardinal field defect of acute ON is a widespread depression of sensitivity and a central scotoma. However, other visual field changes such as bitemporal hemianopsia, a paracentral scotoma and altitudinal deficits may be observed in some ON patients. Noncentral scotoma or atypical defects in the visual field have been found in neuromyelitis optica patients [14] . A recent quantitative study of laser polarimetry was performed in 25 patients with a single episode of ON. Superior and inferior quadrant retinal nerve fiber layer thinning was correlated with corresponding regional visual field loss [15] . Our patient developed inferior nasal quadrantanopsia in the left eye. Visual evoked potentials and orbital MRI clarified the left optic nerve lesion. The possibility was suspected that damage to the inferior quadrant retinal nerve fibers could cause corresponding quadrantanopsia.
In conclusion, unilateral measles-associated retrobulbar ON was noted in a patient without CNS lesions. Thus, physicians should pay more attention to variable patterns of acute ON triggered by measles virus. [10] 1952 07 years -6 days 13/200 in OU edema in OU 20/20 in OU Bedrossian [11] 1955 06 years -6 days light perception in OU edema in OU 20/30 in OU Tyler [12] 1957 08 years 12 days 1/500 in OU pallor in OU normal in OU Kennedy [13] 1960 06 years -2 days hand movements in OU edema in OU 20/20 in OU Srivastava [5] 1963 08 years -1 day hand movements in OS edema in OS 20/30 in OS Walsh [6] 1969 14 years -5 days blindness in OU 20/200 in OD, hand movements in OS Totan [8] 1999 25 years 11 days counting fingers in OU normal 1 20/20 in OD, 20/25 in OS Azuma [7] 2002 31 years -6 days counting fingers in OU edema in OU 20/20 in OU Tomiyasu [2] 2009 
